Introduction to webKORIGEN and
Applications within NUCLEONICA

n 28.04.2009




Introduction

webKORIGEN is based on the Karlsruhe Isotope
Generation and Depletion Code KORIGEN devel-
oped from the US-Code ORIGEN 2 (1400 nucl.)

From the initial amount and composition of a
nuclear fuel and a given irradiation history it
determines the fuel nuclide inventory changed
by neutron interactions and decays; initial
actinides daughters and FP are calculated

n-interactions: (n,f), (n,y), (n,2n), (n,3n)

Decays: q, B-, B+, internal traﬂ‘us
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Calculated Quantities for
Nuclides and Chemical Elements

Concentrations in Gramatoms (gat)
Concentrations in Grams (g)

Radioactivities in Becquerels (Bq)

Total and y-heat releases in Watts (W)
Radiotoxicities for ingestion and inhalation (Sv)
Gamma emission rates (y/s)

Neutron emission rates (n/s)
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Nuclear Data

Effective n-reaction cross sections have to be
pre-calculated from o(E) and the n-spectrum
®(E) of the considered facility (subassembly) !

webKORIGEN: PWR/BWR UOX/MOX libraries
and 2200m/s x-sections for special applications,
EFR MOX (European Fast Reactor) library

Decay data, fission product yields, fission energy
releases, dose conversion factors
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webKORIGEN Guide Lines

Follow-up nuclide generation in a neutron field
(reactor, irradiation facility) and during
subsequent decay of used fuel and waste

Allow easy input preparation restricted to
simple basic applications

Reduce output to top-20 quantities, e.q.
Bq, at the end of irradiation/decay time

interval
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Visualize results



Operation in Modes with Results
at End of Irradiation/Decay

Mode 1: Power irradiation history given and time depen-
dent neutron flux is derived, or a given neutron flux is
used (target irrad.); k-infinity and masses are calculated

Mode 2: Decay of a given nuclide

Mode 3: Power irradiation as in Mode 1 but subsequent
decay added; output provided for decay only

Mode 4: As in Mode 3 but reprocessing and decay of
waste is added; output provided for decay before and

after reprocessing
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nuclenmca‘.’ ... web driven nuclear science

Applications Wy Preferences Print &% Help

webKORIGEN was developed from the Oak Ridge lsotope
Generation and Depletion code ORIGEN.

webKO RIG EN Starting with a given initial reactor fuel or a single target
nuclide, it calculates the time evelution of nuclide densities
changing due to decays and neutron-induced reactions, and
determines derived nuclear properties such as masses,
radicactivities, heat releazes, radiotoxicities, emission of
radiation, etc...

Step 1: Calculation Mode Step 2: Reactor / Operation Step 3: Input Summary and Fun Step 4: Display Resultz Step 5: Log files

@ Reactor irradiation Decay
@ Power [

Flux

Reactor irradiation and decay Reactor irradiation, cooling, reprocessing and decay of waste
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Irradiation History
Power derived from Operation Parameters

For maintaining criticality, power reactors are
operated in cycles of ca. 1y length; discharge
burnup of 50 — 60MWd/kgHM after 5 — 6 cycles

During equilibrium operation at the end of each
cycle fuel subassemblies with discharge burnup

are unloaded and
In webKORIGEN

replaced by fresh S/U
power irradiation is specified

by burnup, cycle
load factor

ength, number of cycles and
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Single-Nuclide-Target Irradiation
by Specification of

Name and amount (Grams) of target nuclide
Total neutron flux density ® (n/cm**2/s)

Neutron spectrum of the facility in which the
irradiation is done (PWR/BWR UOX/MOX, fast
reactor EFR or 2200m/s cross sections)

A one-cycle constant-flux calculation is

performed
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Now the steps through webKORIGEN
and results for selected applications
. will be presented

m 28.04.2009
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Comments

In UOX fuel there is no Pu at irradiation start-up

During shut-down for reloading long-lived
nuclides masses stay constant

Fissile U235 is depleted, fissile Pu239 is genera-
ted, at end of irradiation here Pu239 = U235

Power generation is succesively taken over by
fission of Pu239

Fission products are generated







Comments

The fresh MOX fuel is made-up of 3.8% fissile
Pu in heavy material and U-nat

Fissile Pu239, Pu241 and U235 are depleted







Comments

The formation of strongly radiotoxic Po210 from
Bi209 was one of Joe Magill's favourites

100 days irradiation of 1kg Bi209 in a PWR
produces 10mg Po210

See also E. Krogers contribution this Training
Course







Comments

Tritium breeding from Li6 in a fusion reactor
blanket

Fast fission reactor cross sections were used to
get a rough estimate

Fusion reactor blanket cross sections are not
available within webKORIGEN







Comment

Production of T1208 is investigated for

deterioration of fuel




Mode 3 : Total Heat during Decay of 535kgHM
PWRUOX Burnup 50MWd/kgHM
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Comments

This and the following flow sheet contain results
to be compared with those from the new
German Decay Heat Standard (DIN)

Reference PWR UOX and MOX fuel subassem-
blies (535kgHM) are considered

In MOX fuels heat production of transuranium

isotopes, especially Cm244, plays an important
role




Mode 3 : Total Heat during 100y decay of 535kgHM
PWRMOX Burnup 50MWd/kgHM
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Reprocessing




Reprocessing
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Summary

webKORIGEN allows to follow up the changes of
a nuclear reactor material or a single-nuclide
target due to neutron interactions and decays; a
diversity fuel properties is provided for top-20
nuclides at irradiation/decay end

Restriction : Irradiation neutron spectra are
limited to typical PWR/BWR UOX/MOX or an EFR
type (European Fast Reactor) fuel

m 28.04.2009
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